Abstract: Rational design of title ligands and their transition metal complexes gave the high effective catalysts for hydrogen economy and perspective "stimuli-responsive" luminescent materials. Together with the above novel cyclic aminomehtylphospine ligands have showed a row of unpredicted properties like spontaneous formation of macrocyclic molecules, unique reversible slitting of macrocycles on to the smaller cycles, rapid interconversion of the isomers catalyzed by both acids and transitional metals, bridging behavior of usually chelating ligands and unexpected high influence of handling substituents on N-atoms on to the catalytic and luminescent properties of P-complexes.
Introduction
The exponential growth of publication activity in the field of transitional metal complexes of cyclic aminomethylphosphines has been observed during last decade due to their ability to serve as hydrogenizes enzyme mimetics in the electrochemical hydrogen synthesis and hydrogen oxidation in the fuel cells. A variety of new nickel catalysts were obtained in order to achieve higher catalytic efficiency (high turnover frequency, and low overpotential). Changing nature of the substituent at the phosphorus atom as well as at the nitrogen atom significantly influences not only the on the catalytic efficiency of the complex, but also on the catalytic mechanisms [1] . Along with the above-mentioned features the novel data on unique liability of the title systems as well as unexpected formation of macrocycles via self-assembly processes demonstrate new perspectives of their usage in adaptive coordination chemistry. Herein we introduce a short review on the recent advances of the chemistry of cyclic aminomethylphosphines as ligands for transition metals focused on balance of rational design and novel approaches.
Background
The role of science is widely discussed in modern society. One of the opinions is that chemistry is not a pure science, but the part of chemical industry and is working just for supplying people with modern more effective medical drugs, materials or technologies for their production. And there are no fundamental problems to be solved by chemistry anymore. That opinion has been introduced by Nature's known provocative writer Philip Ball "it (chemistry) is nothing more than a handy tool -or are there still major chemical questions to crack?" -asked he [2] . On the other hand Nobel prize winner Jean-Marie Lehn believes that chemistry is standing on the new edge moving from the molecular design to the adaptive coordination and supramolecular systems [3] . Indeed during our everyday work even on solving just an applied chemical questions we faced with an unknown previously and unpredicted findings which required the development of our basic chemical knowledge and arising the novel concepts and approaches. The recent development of chemistry of cyclic aminomethylphosphines as a ligand for transition metals is an example of that idea.
Chemistry of cyclic aminomethylphosphines was initiated at the end of the 1970s when two main types of that ligands were obtained, namely 1,5-diaza-3,7-diphosphacyclooctanes [4, 5] (Scheme 1) and phosphatriazaadamantaine [6] . The last compound is a well-known ligand (pta) for producing water-soluble complexes of various transition metals [7, 8] , however the chemistry of the first ligands containing two phosphorus and two nitrogen atoms incorporated into the 8-membered cycle and other similar heterocyclic systems with P-CH 2 N intracyclic fragments are less known and is the theme of the present paper.
The 8-membered aminomethylphosphines were described nearly simultaneously by groups of Prof. B.A. Arbuzov in Russia [4] and Prof. G. Maerkl [5] in Germany (Scheme 1). The structure was unambiguously established in 1982 by X-ray data ( Fig. 1 ) [10] .
Since that date the Mannich-type condensations between primary phosphines, formaldehyde, and amines had been regarded as a powerful tool for the synthesis of 1,5-diaza-3,7-diphosphacyclooctanes. Their synthesis is usually performed as a convenient one-pot process. The first step is the formation of bis(hydroxymethyl) organylphosphines from the corresponding primary phosphines and formaldehyde. Bis(hydroxymethyl)organylphosphines are used without additional purification. The second step is an addition of primary amines to the reaction mixture. A very wide variation of the exocyclic substituents both on the nitrogen and phosphorus atoms provides the possibilities to tune both stereoelectronic and physical properties of the cyclic diphosphines. It should be mentioned that this condensation is highly stereoselective giving only isomers with syn-orientation of phosphorus lone electron pairs (P LP of cyclic diphosphines) [9] .
According to X-ray analysis data in the solid state all studied 1,5-diaza-3,7-diphosphacyclooctanes have similar chair-chair ("crown") conformations (Scheme 2). The axial or pseudoaxial substituents on nitrogen atoms and P LP are situated on the same side relative to the heterocyclic plane. Endocyclic nitrogen atoms possess trigonal planar or tetrahedral configuration for N-aryl and N-benzyl substited heterocycles correspondingly [1, 9] . Recently it has been established by dynamic NMR correlation experiments and quantum-chemical calculations that "crown" conformations are predominant among the theoretically possible conformations even in solutions (Figs. 2 and 3) . It is noteworthy that the phenyl group at phosphorus does not show any special influence on the equilibrium [11] .
The number of stereospecific NOEs were the basis for assigning the predominant form to the C2 symmetric CW "crown" form. For the second minor form, the N-CH 2 -P protons resonate as two AB systems, which means that its structure has lower symmetry, and thus corresponds to the Cs symmetric CB form. This result somehow disagrees with a recent study [12] dealing with the ligand containing tBu-groups on phosphorus atoms: for this compound, two sets of signals of approximately equal intensity were observed in the NMR spectra and were interpreted as a result of the CW and the SD forms being present. According to the calculations, the SD form is essentially disfavored in terms of energy and even if it occurs as a reaction product from kinetic control, it should be converted into the CW or CB forms. The second set of signals in the 1 H and 31 P NMR spectra may be from either the form with the LP of P directed to a different sides relative to the heterocyclic plane or a macrocycle with more elementary (tBuPCH 2 NPh) n fragments (n > 2). Both of these structures might be products of the reaction and, inherently, they cannot interconvert into the CW/CB forms; this explains the invariability of the NMR spectra. Line-shape analysis (LSA) of the exchange-broadened spectra at 303-183 K lets us estimate the energy barriers for these processes in the range of 10-12 kcal mol − 1 . So 1,5-diaza-3,7-diphosphacyclooctanes are well-predisposed for the metal chelation [11] . Incorporation of phosphorus atoms into the cyclic back bone lead to the few sequences (1) . The mobility of phosphorus lone pairs (P LP) is strictly limited by the cycle (2) . Turning of the P LPs to each other in order to form chelate complexes leads to the simultaneous movement of phosphorus atoms to each other (3) . The properties of chelate complexes will depend on conformational behavior of heterocyclic ligand on metal matrix (4) . Other atoms incorporated into the cycle and their exocyclic substituents are forced to be in close proximity to the central ion of chelate complexes.
These ligands with two phosphine donor centers easily form stable P,P-chelate mono-or bisligand complexes with soft transition metals of different groups (Fig. 4) [1, 9] .
Even at the first paper describing X-ray data of the chelate complex of 1,5-diaza-3,7-diphosphacyclooctane was mentioned that obtained metal containing bicyclic structure has a boat-chair conformation and intracyclic N-atom of the boat fragment is situated in close proximity to the metal-center, but does not interacted with it directly [13] . So, the nature of that atom and the substituent at it should influence the reactivity of the central ion. However, only in 2006 in pioneered work of DuBois and co-workers it was demonstrated that intracyclic nitrogen atoms could serve as proton relays in catalysts of hydrogen synthesis via electrolysis based on Ni(II)-complexes making this artificial systems a mimetic of natural hydrogenizes [14] .
Rational design of complexes with desired properties based on cyclic aminomethylphosphine ligands
Water-soluble complexes Reaction of primary phosphines with formaldehyde and primary amines containing hydrophilic substituents namely 3-aminobenzoic, 2-aminoisophathalic acids and salts of 3-aminophenulsulphonic acid, led to the formation of water-soluble heterocyclic bisphosphines [15] . The derivatives of 3-aminobenzoic and 2-aminoisphathalic acids are soluble in the presence of base, the last one is soluble just in water. It should be mentioned that heterocycles demonstrate a high stability in water even on basic conditions. No-evidences of hydrolyses back to hydroxymethylphosphines or cycle interconversions were registered in the NMR spectra. Water solubility is determined by the substituents on phosphorus atoms and is changing from high to the poor in the row of R = Py, o-C 6 H 4 OH, Ph, Fc, Mes, Tipp (Fig. 5 ) [15] [16] [17] .
The obtained water-soluble ligands readily gives P,P-chelate complexes with various transition metals ( Fig. 5 ) [15, 16] . The formation of traces (less than 3 %) of corresponding organometallic bischelate due to the activation of C-H bonds of methyl group in mesityl substituent on P-atom was the only one side process of this systems in water [15] . The unusual water soluble complex of tetraphosphine with core 1,5-diaza-3,7-diphosphacyclooctane ring was formed via on pot synthesis of ligand in presence of iron trichloride or its derivatives (Fig. 5 ) [18] .
It should be mentioned that water-soluble 1,5-diaza-3,7-diphospacyclooctanes and their charged bisligand platinum complexes formed host-guest adducts with calixarens containing four vialogen groups on the upper rim (Fig. 6 ). The reversible switching of the binding was observed during the cycles of electrochemical reduction-oxidation of vialogen fragment. So, that adduct could be regarded as a kind of molecular devices [19] [20] [21] .
Pd-complexes demonstrate a moderate activity in catalysis of polymerization of ethylene in water, however it is the first example of the catalysis in basic conditions [15] .
Chiral complexes
A number of chiral optically active complexes have been obtained on the base of 1,5-diaza-3,7-diphosphacyclooctanes containing chiral R-or S-1-methylbenzyl radicals on nitrogen atoms [22] [23] [24] . Recently a novel approach to the chiral 1,5-diaza-3,7-diphosphacyclooctanes was developed basing on condensation of chiral l-menthylphosphines with formaldehyde and various amines (Scheme 3). However, the steric requirements of l-menthyl fragments prevented the formation of charged bisligand complexes and only complexes with metal to ligand 1 to 1 ratio was formed [25, 26] .
The presence of asymmetric exocyclic substituents makes the whole molecule of the ligand asymmetric. So, at the low temperature protons of the intracyclic methylene groups are registrated as two ABX systems and the conformational behavior of cyclic ligand on the matrix of transition metal was established. It has been shown that position of conformational equilibrium is differing from that of initial heterocyclic phosphines and depends not only on the structure of the ligands but on the nature of the central ions (Fig. 7) . So, for the Pt(II) and Pd(II) complexes the chair-boat (CB) conformation is predominant, at the same time for Cu(I) and Mo(0) complexes the predominant conformation is boat-boat similar to the crown conformation of free phosphine [27] .
Catalysts for electrochemical hydrogen production and oxidation of hydrogen in fuel cells
As it was mentioned earlier for P-complexes of cyclic aminomethylphosphines, nitrogen atoms incorporated into the cyclic skeleton of the ligand are fixed in close proximity to the metal center and therefore could effectively participate in proton delivery and hydrogen activation processes on the transition metals. Thanks to that the corresponding complexes of no precious transition metals namely nickel(II), cobalt(II) and iron(II) lead themselves as mimetic of hydrogenizes catalyzing electrochemical synthesis of hydrogen [28] [29] [30] .
In order to increase the activity of the catalysts the steric and electronic characteristics of exocyclic substituents has been varied in wide extend (Scheme 4). The easiest way of modifying of 1,5-diaza-3,7-diphosphacyclooctanes is to change the substituents on nitrogen atoms taking various primary amines into the condensation reaction. This approach allowed to vary the donor ability of key-nitrogen atoms as well as to enhance the proton delivery by additional donor centers or immobilization of the catalysts on the polymeric conductive support [1, 9, 29, 30] .
The variation of substituents on the phosphorus atoms along with well-known phenyl and benzyl [1, [29] [30] [31] included ethyl and iso-propyl [32] [33] [34] , butyl and 2-phenylethyl [35] , tert-butyl [12, 36, 37] , cyclohexyl [38] [39] [40] [41] [42] , l-menthyl [25] , ferrocenyl [24, 43] and ferrocenomethyl [17] groups. However, only few examples of aminomethylphosphines with the functionalized substituents on the phosphorus atoms were derived from ortho-phosphinophenol [16] .
Introduction of functionalized substituent (o-pyridyl) to the phosphorus atom provides a novel rout for hydrogen delivery to the transition metal or its activation on the central ion. Both abilities has been demonstrated recently by the nickel(II) complexes of 1,5-diR-3,7-di(2-pyridyl)-1,3-diaza-3,7-diphosphacyclooctanes (Scheme 5) [44] .
These complexes were the best catalysts working in pure organic solvents (acetonitrile) (Fig. 8) at that time. Turnover frequencies (TOFs) calculated for novel catalysts are much higher than those for similar complexes with phenyl substituents on phosphorus atoms. Namely, TOF of the reaction increases from 100 s − 1 (Ph) up to 15200 s − 1 (Py) [45] . Unexpected increase of catalytic activity were demonstrated for phosphinoaminopyridines with bulky substituents on nitrogen atoms. It has been supposed that growth of activity is determined by the distortion of square-planar geometry of central Ni(II) ion to tetrahedral [45] . Indeed complex dynamic NMR investigations and quantum-chemical simulations for the corresponding complexes established that ligands are predominantly in CB-conformation with noticeably distorted geometry of central ions (Figs. 6, 7 and 9) [11] .
However, recently rather active nickel catalysts of hydrogen evolution based on 1,5-diaza-3,7-diphosphacyclooctaines with long-chain lipophilic fragments attached to the substituents on nitrogen atoms have been found. The reaction was performed in the protonic ion liquids. The increase of activity had been ascribed to the decreasing of rate of conformational interconversion, which in its turn decreasing the content of "undesired" BB-conformation [46] .
So, nickel complexes of 1,5-diaza-3,7-diphosphacyclooctaines could be regarded as the most perspective candidates for the catalysts for electrochemical hydrogen production and hydrogen oxidation in the fuelcells, which had a potential to replace rather expensive platinum catalysts.
Design of "stimuli-responsive" luminescent complexes
Complexes of d10-metals seems to be one of the most promising base for design of novel luminescent systems due to the simultaneous participance of metal, ligand and counter ion orbitals in the formation of HOMO and LUMO and therefore in the energies of metal-to-metal, metal-to-ligand and metal-to-halogen charge transfers.
Copper complex occasionally became the first one of diazadiphosphacyclooctane which was studied by the X-ray analysis. It is a monoligand P,P-chelate complex with pyridine as a co-ligand [13] . However, no luminescence was mentioned so far.
Introduction of exocyclic chromophoric pyridyl groups into the 1,5-diaza-3,7-diphosphacyclooctane [45] backbone opens an opportunity for the design of novel "stimuli responsive" luminescent compounds.
Indeed dinuclear gold P,P-complexes are readily formed by simple ligand exchange reaction (Scheme 6). As we expected obtained complexes demonstrate luminescence due to the metal-to-ligand transitions between highest occupied (HOMO) and lowest unoccupied molecular orbitals (LUMO). It has been shown that (ClAu) 2 L complexes crystallized from different solvents as pseudo polymorphs with different emission characteristics (Fig. 10) [47] . X-ray data of pseudo-polymorphic forms demonstrates that in all cases heterocyclic bridging ligand possesses "crown" conformation in good accordance with that previously predicted by variable-temperature 1D and 2D NMR and DFT investigations of copper complexes of chiral ligands based on l-menthylphosphine [27] . So, both AuCl moieties and both substituents on exocyclic nitrogen atoms are situated on one side of heterocycle forming some kind of intramolecular cavity. The solvent molecules are binded by relatively weak H-pi interactions with aryl groups on the upper rim and by hydrogen X….H bonds with heterocyclic methylene groups on the lower site (Fig. 10) .
The formation of supramolecular associates is the reason of found vapochromism (sensitivity to the presence of acetone vapor). Concentration-dependent changes in the emission of complexes in solvent mixtures demonstrates the exchange of weakly bonded solvent molecule (Acetonitrile) by acetone and DMF [48] .
The gold complexes could be regarded as the base for luminescent sensors, but they are too expensive for creation of light emitters. In order to made base for copper based emitters [49] we prepared 1,5-diaza-3,7-diphospacyclooctanes with 2(2-pyridyl)ethyl substituents on phosphorus atoms.
Due to the flexible ethylene bridge pyridyl group readily interact with central metal giving chelate polynuclear complexes in the course of interaction with copper iodide.
Recently obtained bi-and hexanuclear copper species (Scheme 7) demonstrate an emission in the wide range of the wave lengths with high quantum yields. DFT calculations show that HOMO is located on metallic fragment whereas LUMO is associated with pyridyl group. Unusual white emission of hexanuclear complex appeared to be a combination of at list two transitions [50] .
So, the application of cyclic aminomethyl phosphine is one of the growing and very promising areas.
Unpredicted findings in the chemistry of cyclic aminomethylphosphines
Unexpected effective self-assembly of cage macrocycles During the last 15 years chemistry of cyclic aminomethylphoshines brings us a few surprising phenomenon forcing us to develop a new concepts and approaches. At the very begining of new age it was found that reaction of primary phenylphosphine, formaldehyde and primary diamines lead to the formation of cage macrocyclic tetraphosphines (Schemes 8 and 9) instead of expected polymeric species [51, 52] . The high yield reaction was stereoselective giving cyclophane formed by four phenylene and two cis-diazadiphosphacyclooctaine fragments. All four phosphorus atoms have the same configuration with phosphorus LP situated on one side of aminomethylphosphine ring and looking just into the molecular cavity of cyclophane [52] . In order to explain reaction efficiency the concept of covalent self-assembly was engaged [53, 54] . In contrast to known strategies of macrocyclic design -template synthesis and reactions in high dilution conditions -relatively slow totally reversible reactions at normal concentration of reagents and without any templating agents are the base for covalent self-assembly. A number of intermediates, by-product and "wrong" products (Scheme 8) formed in the reaction mixtures should be able to dissociate and re-associate in a "right" manner giving rise to the most thermodynamically favorable macrocylic structures [52, 55] .
In short time it became obvious that the phenomenon of cyclophane self-assembly is more general [53] . A wide variety of primary phosphines namely: aliphatic -benzyl [52] , bulky -2,4,6-trimethyl and 2,4,6-trii-propylphenyl [52, 56] , chiral -l-menthyl [57] , functional -o-pyridyle and 2-(o-pyridyl)ethylphosphines [58] were involved into the macrocycles formation. Moreover diamines with two [51, 52, 55, [58] [59] [60] , three [56, 58, 61] and even four [57] phenylene fragment in the spacer were used to give cage macrocycles with extremely large intramolecular cavities (Scheme 9).
In all cases the reactions was stereoselective and LP of all four phosphorus atoms are looking into the cavity. The free volumes of intramolecular cavities are changed in the range from dozen to few hundreds cubic angstroms.
For example, 38-membered cyclophane incorporate benzene molecule in the cavity (Fig. 11 ) [56] . Small molecules could reversibly enter and leave the cavity due to the found processes of conformational equilibrium of "twisting" and cylindrical forms (Fig. 12 ) of cage macrocycles [62] . The same process is responsible for the formation of binuclear platinum complexes (Scheme 10) with out of cavity disposition of metal atoms [57] .
The availability of the macrocyclic compounds is one of the key points for their use in the field of supramolecular chemistry and nanomaterials [54] . So, cage macrocyclic tetracisphosphines available via covalent self-assembly with a unique shape, distinct architecture, and set of functional groups should start to inspire the imagination of the chemists to the wide and effective search for novel molecular materials and devices.
Effective self-assembly of macrocyclic corands and lability of exocyclic -PCH 2 N-backbond "Smart" ligands All macrocycles described above were synthesized with the use of the covalent self-assembly approach on the basis of diamines with spatially divided amine groups as the structure-forming building blocks. However, in the course of the systematic studies in the field of the synthesis of heterocyclic diphosphines by the condensations of secondary diphosphines with formaldehyde and primary amines we unexpectedly met another example of the covalent self-assembly of flexible macrocyclic tetraphosphines.
Attempts to synthesize cyclic bisphosphines with one aliphatic chain between phosphorus atoms via reaction of secondary diphosphines, formaldehyde and primary amines lead to the desired compounds only in the case of rather short chains -bis(arylphosphino)methane [63] , -ethane [64] [65] [66] and in one case -propane [67] (Scheme 11).
The interaction of bis(arylphosphino)methanes and -ethanes with the wide set of primary amines in the presence of formaldehyde led to expected six- [63] and seven-membered [64] [65] [66] heterocycles (Scheme 11) which were obtained in good yields.
The reactions of 1,3-bis(arylphosphino)propanes with formaldehyde and 5-aminoisophtalic acid proceeded similarly giving corresponding water-soluble 1-aza-3,7-diphosphacyclooctanes (Scheme 11) [67] . It has been shown that rac-and meso-isomers of 7-membered 1-aza-3,6-diphosphacycloheptanes are interconverted much faster than it could be expected for trivial inversion on phosphorus atoms. The kinetic study demonstrates that the reaction has a second order at list on the few stages [65] . The formation of 14-membered intermediate has been supposed.
Indeed interaction of 1,2-bis(hydroxymethyl(aryl)phosphino)ethane with primary alkyl amines led to the formation of 14-membered macrocyclic tetraphosphine (Scheme 12) [68] . The formation of only one racemic RRRR/SSSS-isomer instead of mixture of five possible isomers is the evidence of self-assembly process.
For α,ω-bis(arylphosphino)alkanes (propane, butane and pentane) the formation of corresponding 16- [69] [70] [71] [72] [73] , 18-[74] and 20-membered [74] macrocyclic tetraphosphines become a predominant direction. Alternating SSSS/RRRR or RSSR diastereomers were formed in the row of the 14-, 16-, 18-and 20-membered macrocyclic aminomethylphosphines (Scheme 12) despite the fact that the starting material, α,ω-bis(arylphosphino)propanes, was used as equimolar diastereomeric mixtures of meso and rac isomers [74] .
For the first time it was demonstrated that the stereochemical result of the reaction depends on the even or odd number of the methylene groups between the two chiral phosphorus atoms in the initial α,ω-bisphosphines. Thus, the configuration at phosphorus in the compounds studied seems to obey a rule: if the two chiral phosphorus centers in the macrocycle are linked by an odd number of methylene groups, the R P S P S P R P stereoisomer is adopted. If the phosphorus atoms in the macrocycle are linked by an aliphatic chain consisting of an even number of methylene groups, the S P S P S P S P /R P R P R P R P isomer is formed (Fig. 13) [74] .
The lability of the P-CH 2 -N-fragment is a key property causing the self-assembly and stereoconversion processes of the cyclic aminomethylphosphines. It has been shown that the 14-membered macrocycles are not stable in the solution demonstrating unique splitting onto the two molecules of 7-membered 1-aza-3,6-diphosphacyclohexane [68] . After ca. 14 days the system changed significantly. 1 H and 31 P spectra (Fig. 14) corresponded to the mixture of RR/SS and RS-isomers of 7-membered 1-aza-3,6-diphosphacyclohexane as well as initial 14-membered corand with integral intensities as ca. 75: 22: 3. The quantity of macrocycles in the equilibrium mixture is only 2-6 %. Unexpectedly, in spite of prevalence of 7-membered heterocycles (73-83 %), only crystals of macrocycles were obtained in nearly quantitative yields after the slow evaporation of solvent from equilibrium mixtures. These results indicate that the splitting processes are reversible [68] .
The NMR monitoring of the reaction showed that two processes take place: the splitting of the macrocycle onto RR/SS-and RS-isomers of 7-membered and their intercoversion into each other. It has became obvious that all this phenomena -covalent self-assembly, macrocycle splitting and stereoisomers interconversion is the sequence of lability of covalent bonds of P-CH 2 -N fragment. So, the reactivity of that kind of ligands should be differ from that of common bisphosphines.
Indeed slow addition of transitional metal derivatives (in manner characteristic for classical organic reactions) to the solution of ligands described above lead to the ligand adoptation in order to form the most stable complexes. For example, rac-isomers of 1-aza-3,7-diphosphacycloheptanes with phosphorus LP situated on different sides of the heterocycle react with platinum(II) derivatives giving rise of chelate complexes with meso-isomer of corresponding ligands (Scheme 13) [75] .
The slow isomerization of rac to meso isomer can be exploited for the exclusive formation of P,P-chelate complexes by slow addition of metal complex to a mixture of diastereomers.
Moreover, copper(I) complexes based on macrocyclic tetraphosphine corands exhibit a high structural diversity.
14-Membered corands form very stable cationic P 4 -coordinated copper complexes with retention of phosphorus atom configurations, whereas their higher homologues 16-, 18-and 20-membered macrocycles under the same conditions give neutral binuclear complexes simalteniously transforming into the novel RRSS-isomers (Fig. 15) . Synthesis and structure of copper complexes are described in the other paper of the present issue [76] .
So, cyclic and macrocyclic aminomethylphosphines could be regarded as "smart" ligands changing their stereochemical structure in the course of complex formation according to the metal demands and as promising candidates for ligands in future adaptive coordination chemistry of transitional metals. The lability of the P-CH 2 -N-fragment should be taken into account for further design of transition metal complexes and catalytic active systems on their basis, e.g. catalysts for electrochemical hydrogen transformations.
Conclusion
Cyclic aminomethylphosphine ligands are powerful tools for design of transition metal complexes with predicted properties, however their ability for reversible transformations should be also taking into account. The future of the chemistry is a permanent balancing between fundamental findings and rational design. 
